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INTRODUCTION
1.1 Background

Blooms of a toxic dinoflagellate, Karenia brevis (commonly referred to as “red tide”) occur
nearly every year along the eastern Gulf coast of the U.S., typically between August and
December. While the western Gulf of Mexico has not typically experienced K. brevis blooms
annually, analysis of historical records suggests that these blooms may be occurring with
increasing frequency along the coast of Texas (Magana, Contreras, & Villareal, 2003).
Numerous fish kills and various marine bird and mammal deaths have been linked to K. brevis
blooms, and even very low concentrations of K. brevis from 5,000 to 10,000 cells/L prompt the
closure of shellfish beds to prevent Neurotoxic Shellfish Poisoning (NSP) in humans
(Tomlinson, et al., 2004). Under certain wind conditions and wave action, the cells of K. brevis
can lyse releasing a toxin into the water. This toxin is then incorporated into the marine aerosol.
Inhaling the toxin causes respiratory irritation which can include itchy eyes and throat, as well as
difficulty breathing, especially for people with chronic respiratory illnesses such as asthma
(Kirkpatrick, et al., 2004). Winds can carry the toxic aerosols from nearshore surface blooms to
distances at least 4.2 km inland from the beach, prompting necessary advisories at afflicted
beaches (Kirkpatrick, et al., 2010).

To assist coastal managers in mitigating the impacts of harmful algal blooms (HABSs), an
ecological forecast system for the Gulf of Mexico was developed through the efforts of multiple
offices within the National Oceanic and Atmospheric Administration (NOAA). In October 2004,
this ecological forecast system was transitioned from research to operational status along the
coast of Florida, creating the Gulf of Mexico HAB Operational Forecast System (GOMX HAB-
OFS). To address the frequent K. brevis HABs in the western Gulf of Mexico, the HAB-OFS
was also transitioned to operations along the Texas coast in 2010.

Operational GOMX HAB-OFS bulletins are produced twice weekly during active bloom events
(once weekly at times of bloom inactivity) and provide information concerning the possible
identification of new blooms, in addition to monitoring existing blooms. Bulletins for the
western Gulf of Mexico provide forecasts of bloom movement, including transport direction and
distance, and daily coastal respiratory irritation. These forecasts are publicly available via the
Internet at http://tidesandcurrents.noaa.gov/hab.

As a result of the forecasts in the bulletins, advance cautionary notice can be issued to protect
beachgoers from experiencing respiratory irritation; necessary actions, such as closing shellfish
beds, can be initiated before a bloom becomes a coastal hazard; and mass marine animal
casualties can be minimized through providing advance information to personnel responsible for
animal rescue, rehabilitation and release. The bulletins identify potential areas of HABSs using
satellite imagery and make use of transport models that project potential bloom movement. By
doing so, the bulletins provide advance notice to appropriate state, county, and local agricultural
and health service departments to initiate sampling programs to confirm the identity of any
anomalously high chlorophyll features present in the imagery as blooms of K. brevis. If a feature
is found to contain K. brevis at a concentration level capable of causing NSP when ingested,
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shellfish harvesting is prohibited in the region of the bloom and shellfish bed closures are listed
on regional hotlines and via the Internet at http://www.dshs.state.tx.us/seafood/redtide.shtm.
Once a bloom has been identified, the bulletins continue to provide updates on monitoring
efforts, indicating the potential geographic extent of the confirmed bloom to allow for more
effective and targeted field sampling. This, in turn, assists in confirming the specific location,
extent and severity of a toxic bloom; aids in the technological development of forecasting
methods; and enhances scientific knowledge of the HAB species, K. brevis.

1.2 Objective

This report provides an evaluation of the HAB-OFS products issued for Texas during the bloom
years from October 1, 2010 to April 30, 2014, with comparisons to those issued for Florida
where possible (Kavanaugh, et al., 2013). A bloom year (BY) refers to the time period from May
1, XXXX to April 30, YYYY, where BY2010-2011 spans the period from May 1, 2010 to April
30, 2011 and so on. This time period was selected to capture the typical initiation and
termination period of K. brevis blooms in the Gulf of Mexico, enabling interannual comparisons.
The first bloom year only spans from October 1 rather than May 1 because the Texas HAB-OFS
was not operational until October 1, 2010. The analysis includes an assessment of bulletin
utilization, early warning capability, and forecast quality (i.e. accuracy, reliability, and skill).
Previous publications have detailed the technology, models, and procedures that underlie the
Texas HAB-OFS (Stumpf, et al., 2003; Tomlinson, et al., 2004; Wynne, Stumpf, Tomlinson,
Ransibrahmankul, & Villareal, 2005). The results of this assessment will be used to guide
enhancements to the operational forecast system with the goal of improving forecast quality
through increased scientific understanding and the refinement of forecast models. Some of the
recommendations may also be applicable to the HAB-OFS in the eastern Gulf of Mexico.
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METHODS
2.1 Operations

On October 1, 2010, the NOAA Center for Operational Oceanographic Products and Services
(CO-OPS) transitioned an operational forecast system for HABs in the Gulf of Mexico from
research to operational status for the western Gulf of Mexico (Texas) (see Figure 1). This
transition followed several years of successful operations of the GOMX HAB-OFS for the
eastern Gulf of Mexico (Florida), which was transitioned to operations in 2004. These forecast
systems are a part of a NOAA collaborative effort with the National Centers for Coastal Ocean
Science (NCCOS: science and research), the Coastal Services Center (CSC: technology
development and public outreach, 2004-2008), and the National Environmental Satellite, Data,
and Information Service (NESDIS/CoastWatch Program: satellite ocean color imagery), as well
as a NOAA-wide effort to increase and enhance ecological forecasting products and services.
Under the system’s previous research status, bulletins were issued only as employee resources
allowed and bloom occurrence dictated. The operational status enables regular dissemination of
forecast products to accommodate user requirements. This report details the operational Texas
bulletins for October 2010 through April 2014 (BY2010-2014).

During the BY2010-2014 assessment period, Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite ocean color imagery (provided by NOAA’s CoastWatch Program) was
processed from the Aqua sensor using a chlorophyll algorithm. Daily chlorophyll images were
analyzed in conjunction with chlorophyll anomaly imagery highlighting regions of above-
average chlorophyll (as determined through a 60-day running mean) to determine the potential
presence or existing boundaries of harmful algal blooms containing the species K. brevis
(Stumpf, et al., 2003). The surface waters along the Texas coast are prone to a high amount of
suspended sediment, especially along the northeast coast, because the fine sediments are easily
resuspended (unlike the coarser sediment on the Florida shelf). During resuspension events,
benthic chlorophyll and sediment exceed the chlorophyll-a concentration in the water column so
a revised chlorophyll algorithm developed by NCCOS is used that subtracts an estimate of the
resuspended chlorophyll from the chlorophyll anomaly (Wynne, Stumpf, Tomlinson,
Ransibrahmankul, & Villareal, 2005).

The following data was also incorporated during the BY2010-2014 assessment period for bloom
analysis and confirmation: observed winds available through the National Data Buoy Center
(NDBC) and the North American Mesoscale (NAM) model forecast winds; observed and
forecast currents from the Texas General Land Office’s Texas Automated Buoy System
(TGLO/TABS) and Texas A&M University (TAMU); and in situ K. brevis cell count data from
the Texas Parks and Wildlife Department (TPWD) and the TAMU Imaging FlowCytobot housed
at the University of Texas Marine Sciences Institute in Port Aransas, TX. Using observed and
forecasted current data, HAB analysts used the General NOAA Operational Modeling
Environment (GNOME) particle trajectory modeling tool to predict the distance and direction of
bloom movement. Reports of respiratory irritation, dead fish, and discolored water from TPWD,
the Red Tide Rangers, and other organizations were also incorporated in bloom analyses and
assessments. These resources, coupled with scientific expertise, were synthesized to analyze the



bloom status and forecast K. brevis bloom transport direction, transport distance, and associated
respiratory irritation. In addition to modeling tools, to produce these forecasts, the HAB-OFS
analysts relied upon mental integration methods, applying established scientific rules and
heuristic and numerical models that NCCOS scientists developed and tested (Stumpf, et al.,
2003; Tomlinson, et al., 2004; Stumpf, et al., 2009). To ensure quality control, each bulletin was
written by a primary analyst and reviewed by a second analyst for consensus. Additional
information about the HAB-OFS bulletin contributors and the data they provide is available in
APPENDIX Ill, the HAB Bulletin Guide at
http://tidesandcurrents.noaa.gov/hab/habfs_bulletin_guide.pdf and at
http://tidesandcurrents.noaa.gov/hab/contributors.html.
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Figure 1. Map of Texas illustrating the major bay systems and coastal areas covered by the HAB-OFS. The bay
regions and passes are commonly referenced as landmarks in the bulletins. The map also notes the location of Texas

A&M University’s Imaging FlowCytobot stationed in Aransas Pass at the University of Texas Marine Science
Institute near Port Aransas.

Operational HAB forecasts were communicated through two main products that served as
decision support tools.

1) The HAB bulletins provided a detailed scientific analysis of satellite ocean color
imagery, water samples and health reports, meteorological and oceanographic data,
and included all relevant forecasts. Each bulletin was disseminated via email to
registered coastal resource managers, academics, and public health officials with an

email subject line indicating the priority level of the bulletin for consideration by
managers: low, medium, or high (see Table 1).



2) The public conditions reports, a subset of the HAB bulletins, provided information
about the presence or absence of a HAB of K. brevis including a general description
of the geographic region affected, forecasts of associated respiratory irritation, and
any recent observations of respiratory irritation, dead fish, or discolored water. The
conditions reports were available on the HAB-OFS website at
http://tidesandcurrents.noaa.gov/hab immediately following bulletin dissemination.
Beginning in 2012, these reports were also made available through the NOAA HAB
(Red Tide) Watch Facebook Page at
https://www.facebook.com/Habredtidewatchnoaagov.

Both products were routinely updated twice weekly on Mondays and Thursdays (or the day
following a federal holiday) during HAB events and once weekly during inactive periods. The
dissemination of unscheduled supplemental bulletins or conditions updates was also necessary
when new data was received that indicated an increase in bloom extent, intensity, or the
forecasted level of associated respiratory irritation.

Table 1. Priority levels assigned to bulletins indicating the corresponding level of action or response that resource
managers might deem necessary based on the status of a harmful algal bloom of Karenia brevis.

PRIORITY
LEVEL

Low

DESCRIPTION

e Inactive bloom
e Resource managers may decide that no new action is necessary

Medium ¢ Active bloom, but no change in bloom conditions since previous bulletin
(No Change) ¢ Resource managers may or may not decide that new action is necessary
o Active bloom, with recent changes in bloom conditions. Examples:

o New bloom identified

High o Change in bloom extent (i.e. new or increase in coastal area impacted)

(Bloom Change) | o Bloom intensification (i.e. higher bloom concentrations detected)

o Increases in the levels of forecasted respiratory irritation levels
o Resource managers may decide that immediate action is necessary

Operational status also requires on-call analyst response to public inquiries and bulletin
subscription requests. The GOMX HAB-OFS utilized one central telephone number and email
distribution address for responding to information requests from the general public and bulletin
subscribers, in addition to fielding information requests and comments made through the NOAA
HAB (Red Tide) Watch Facebook Page. Frequently inquiries pertained to the present and future
bloom conditions or potential impacts at specific locations and times to enable event planning.
Inquiries received by the HAB-OFS also sought general background information regarding K.
brevis blooms and their occurrence and requests to be added to the bulletin distribution list.
Occasionally, the HAB-OFS also received inquiries from members of the public who were
experiencing symptoms that might be associated with exposure to K. brevis.

Over the course of the assessment period, in order to manage the workload with the backups
needed for operations, the number of analysts trained to support the Texas HAB-OFS increased
from two to six, similar to the Florida HAB-OFS. In addition, maintaining and improving upon
the Texas HAB-OFS required continued adherence to standard operating procedures,
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maintenance of consistent analytical methods, and the perpetual refinement of tools and methods
made possible by a continuing research to operations collaboration.

2.2 Definitions of the Forecast Types

The Texas HAB-OFS provides forecasts for three different bloom components: transport
direction, transport distance, and potential level of respiratory irritation (see Table 2). Transport
direction and distance are estimated by using the observed currents from TGLO/TABS,
forecasted currents from the TGLO/TABS/TAMU ROMS-based hydrodynamic model, as well
as the GNOME software. Transport direction is defined as the direction a bloom is likely to
migrate (either north or south), and the transport distance is measured and rounded to the nearest
10km. Although impacts from a bloom include adverse coastal conditions like the presence of
dead fish and discolored water, the only impact associated with K. brevis blooms that was
forecasted by the HAB-OFS during the evaluation period was the potential for coastal respiratory
irritation.

Respiratory irritation is forecasted in levels ranging from “very low” to “high” (in addition to
“none” or “not expected”) based on wind direction and speed, as well as the nearby K. brevis cell
concentrations identified in water samples (see Table 3 for cell concentration categories). In
addition to manually collected water samples, TAMU’s Imaging FlowCytobot, located at the
Port Aransas Ship Channel, was used to identify K. brevis cell concentrations (see APPENDIX
I11). The instrument is programmed to collect water samples from the channel at regular intervals
and estimate the number of K. brevis cells per sample using automated image processing and an
established classification procedure (GCOQOS). The HAB-OFS received reports of the cell
concentrations from TAMU via TPWD. As of the beginning of BY2013-2014, an hourly time
series plot of K. brevis cell concentrations was made accessible as a product from the Gulf of
Mexico Coastal Ocean Observing System (GCOOQOS), a regional association within the U.S.
Integrated Ocean Observing System.

Symptoms associated with K. brevis include eye and respiratory irritation (coughing, sneezing,
tearing, and itching) to beachgoers. The levels of respiratory irritation that are forecasted by the
HAB-OFS correspond with the part of the population most likely to be affected. The “very low”
respiratory irritation level affects only people with severe or chronic respiratory conditions such
as cystic fibrosis and asthma. Similarly, the “low” respiratory irritation level affects people who
are otherwise healthy, but are more sensitive to K. brevis aerosols. The “moderate” respiratory
irritation level indicates that the general public may potentially experience mild respiratory
symptoms, while the “high” respiratory irritation level affects the general public with adverse
respiratory symptoms (NOAA, 2013). Refer to Table 4 for more information about the
respiratory irritation levels. Due to limited spatial and temporal observations, these forecasts are
made for geographic forecast regions approximately 30-60 km in length and only for coastal and
bay regions because respiratory irritation levels are not well understood in open water regions
(Stumpf, et al., 2009). The forecast regions currently used for Texas are defined in APPENDIX
.

Environmental variations, such as hydrodynamics, influence the forecasts that can be made and
the analytical methods employed to develop the forecasts in Texas and Florida. For example,
forecasts for intensification and potential for bloom formation at the coast are not made for
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Texas because the models developed for Florida fail to reliably predict the accumulation of K.
brevis at the coast. The factors that cause blooms to develop and intensify along the Texas coast
are currently being investigated.

Table 2. Forecast definitions. Additional examples of the forecast statements can be found within the text of the
sample bulletin in APPENDIX I.

EXAMPLE
FORECAST | DEFINITION | CATEGORIES BASED ON STATEMENT
Direction bloom
is li North
Transport I:*ulg:g':)e/ ltr? : S(g)l:th e Observed, local “Forecast models
Direction : ocean currents from | based on predicted
relation to the | ¢ No Change
TABS near-surface
coast L
e Forecasted currents currents indicate a
from TGLO/TABS/ | potential maximum
Distance bloom TAMU ROMS transport of 50km
is likely to Current Model south from the Port
Transport migrate in | « Rounded to the | ¢ GNOME particle Aransas region May
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Table 3. The categories assigned to Karenia brevis cell concentrations identified from water samples by state,
county, and local organizations in Texas.

CELL CONCENTRATION
CATEGORY (CELLSIL)
Not Present 0
Present (or Background) 1000 cells or less
Very Low a >1000 to <5000
Very Low b 5000 to 10,000
Low a >10,000 to <50,000
Low b 50,000 to 100,000
Medium >100,000 to 1,000,000
High >1,000,000

Table 4. The level of respiratory irritation forecasted and the corresponding population potentially affected.

AFFECTED POPULATION
RESPIRATORY Ch_ronic N General
IRRITATION None Respnfa_tory Sensitive Public
LEVEL Conditions
None X
Very Low X
Low X X
Moderate X X X
High X X X

2.3 Skill Assessment

2.3.1 Overview of Procedure

Bulletin forecasts were recorded and evaluated by HAB-OFS analysts each week. Bulletin
utilization and the forecast quality (i.e. accuracy, reliability, and skill) were assessed using the
observational evidence available following the dissemination of each bulletin. All bulletin
forecasts and assessments were subsequently reviewed and verified by additional analysts prior
to the production of this report.

Product utilization was recorde